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MULTILASER BI-DIRECTIONAL PRINTER
WITH AN OSCILLATING SCANNING
MIRROR

TECHNICAL FIELD

The present invention relates generally to pivoting MEMS
(micro-electric mechanical systems) torsional hinge mirrors,
including scanning mirrors operating at a resonance Ire-
quency, and more specifically to the use of such mirrors with
multilaser beams and bi-directional printing.

BACKGROUND

Rotating polygon scanming mirrors are typically used in
laser printers to provide a “raster” scan of the image of a
laser light source across a moving photosensitive medium,
such as a rotating drum. Such a system requires that the
rotation of the photosensitive drum and the rotating polygon
mirror be synchronized so that the beam of light (laser beam)
sweeps or scans across the rotating drum in one direction as
a Tacet of the polygon mirror rotates past the laser beam. The
next facet of the rotating polygon mirror generates a similar
scan or sweep, which also traverses the rotating photosen-
sitive drum but provides an image line that 1s spaced or
displaced from the previous image line. Since increasing the
rotational speed of a polygon mirror 1s accompanied by even
greater increases 1n cost, printer manufacturers using poly-
gon mirrors as a drive engine often use two or four equally
spaced and parallel lasers all directed toward and reflected
from a single facet of the polygon mirror.

There have also been prior art eflorts to use a less
expensive flat mirror with a single reflective surface to
provide a scanning beam. For example, a dual axis or single
axis scanning mirror may be used to generate the beam
sweep or scan instead of a rotating polygon mirror. The
rotating photosensitive drum and the scanning mirror are
synchronized as the drum rotates in a forward direction to
produce a printed 1mage line on the medium that 1s parallel
with the beam scan or sweep generated by the pivoting
mirror and orthogonal to the movement of the photosensitive
medium.

However, with the single axis mirrors, the return sweep
will traverse a trajectory on the moving photosensitive drum
that 1s at an angle with the printed 1image line resulting from
the previous or forward sweep. Consequently, use of a single
ax1is resonant mirror, according to the prior art, required that
the modulation of the reflected light beam be interrupted as
the mirror made the return sweep or completed 1ts cycle, and
was then turned on again as the beam started scanming 1n the
original direction. Using only one of the sweep directions of
the mirror, of course, reduces the print speed. Therefore, to
cllectively use a scanning mirror to provide bi-directional
printing, the prior art attempts ol bi-directional scanning
required that the sweep plane also be controlled 1n a direc-
tion perpendicular to the scan such that the sweep of the
mirror in each direction generates 1mages on a moving or
rotating photosensitive drum that are always parallel. To
achieve such parallel lines required continuous perpendicu-
lar adjustment of the sweeping beam, and such adjustment
can be accomplished by the use of a dual axis torsional
mirror or a pair of single axis torsional mirrors. It has been
discovered, however, at very high print speeds both forward
and reverse sweeps ol a single axis mirror may be used, and
that no orthogonal adjustment 1s necessary.

Texas Instruments presently manufactures torsional dual
axis and single axis pivoting MEMS mirrors fabricated out
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ol a single piece of material (such as silicon, for example)
typically having a thickness of about 115-125 microns. The
dual axis layout may, for example, consist of the mirror
surface being supported on a gimbal frame by two silicon
torsional hinges, whereas for a single axis device the mirror
1s supported directly by a pair of torsional hinges. The mirror
may be of any desired shape, although an elliptical shape
having a long axis of about 4.0 millimeters and a short axis
of about 1.5 millimeters i1s particularly useful. Such an
clongated ellipse-shaped mirror 1s matched to the shape at
which the angle of a light beam 1s received. The gimbal
frame used by the dual axis mirror 1s attached to a support
frame by another set of torsional hinges.

Texas Instruments also manufactures a single axis mirror
comprising two layers of silicon and a magnet. The multi-
layered mirror allows the selecting of the most eflective
torsional hinge while at the same time reduces the tlexibility
or bending of the mirror surface at high oscillation speeds.

These mirrors manufactured by Texas Instruments are
particularly suitable for use as the scanning engine for
high-speed laser printers and visual display.

According to the prior art, torsional hinge mirrors were
initially driven directly by magnetic coils interacting with
small magnets mounted on the pivoting mirror at a location
orthogonal to and away from the pivoting axis to oscillate
the mirror or create the sweeping movement of the beam. In
a similar manner, orthogonal movement of the beam sweep
was also controlled by magnetic coils interacting with
magnets mounted on the gimbals frame at a location
orthogonal to the axis used to pivot the gimbals frame.
Inexpensive and dependable magnetic drives can also be
used and set up 1n such a way to maintain the pivoting device
at 1ts resonant frequency. Further, although the reflecting
surface of a scanning mirror can be of almost any shape,
including square, round, elliptical, etc., an elongated ellip-
tical shape has been found to be particularly suitable.

SUMMARY OF THE INVENTION

These and other problems are generally solved or circum-
vented, and technical advantages are generally achieved, by
preferred embodiments of the present invention that provide
methods and apparatus of generating lines of data on a light
sensitive medium such as a rotating drum for a printer or a
screen for a display system.

In accordance with embodiments of the present invention,
a reflective surface such as a torsional hinged mirror is
oscillated about a first pivot axis and a multiplicity of
modulated and parallel light beams are directed onto the
oscillating retlective surface. The multiplicity of modulated
and parallel light beams are then reflected from the oscil-
lating reflective surface to sweep the multiplicity of light
beams back and forth across the light sensitive medium 1n a
forward and a reverse direction. Relative orthogonal move-
ment between the light sensitive medium and the forward
and reverse directions of the sweeping light beams 1s pro-
vided by a moving medium such as a rotating drum when
used with a printer. However, for a display device, the
sweeping multiple light beams are typically moved by
moving the group of beams orthogonally to the direction of
the sweeping beam. This movement may be accomplished
by using a dual axis mirror or alternately, using a second
mirror to provide the orthogonal motion. A multiplicity of
selected data lines are generated on the light sensitive
medium as the multiplicity of modulated and parallel light
beams sweep across the light sensitive medium.
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According to another embodiment, the multiplicity of
selected data lines are generated as the multiplicity of light
beams sweep across the light sensitive medium 1n a forward
direction and the same multiplicity of selected data lines are
again generated as the multiplicity of light beams sweep
across the light sensitive medium in the reverse direction.
However, each light beam of the multiplicity of light beams
provide a different one of the multiplicity of selected data
lines in the reverse direction than they provided in the
forward direction. To achieve proper line spacing on a
printed page or a display, the multiplicity or number “N” of
modulated and parallel light beams are equally spaced apart
by a distance “S” and the relative orthogonal movement
between the light sensitive medium and the sweeping light
beam during one complete back and forth cycle 1s equal to
a distance (S) times (N).

According to another embodiment, two light beams are
used such that a first line of data 1s generated with a first one
of the two light beams and a second line of data 1s generated
with a second one of the two light beams as the first and
second light beams move 1n a forward direction across the
light sensitive medium. Then, the second line of data 1s again
generated with the first light beam and the first line of data
1s again generated with the second light beam as the first and
second light beams move 1n the reverse direction across the
light sensitive medium.

According to still another embodiment, the multiplicity of
light beams comprise a first light beam, a second light beam,
a third light beam and a fourth light beam, such that the first,
second, third and fourth selected data lines are generated
with the first, second, third and fourth light beams respec-
tively as the light beams sweep across the light sensitive
medium 1n the forward direction and the first, second, third
and fourth selected data lines are generated a second time
with the third, fourth, first and second light beams respec-
tively as the light beams sweep across the light sensitive
medium 1n the reverse direction.

The foregoing has outlined rather broadly the features and
technical advantages of the present invention in order that
the detailed description of the invention that follows may be
better understood. Additional features and advantages of the
invention will be described heremnafter which form the
subject of the claims of the invention. It should be appre-
ciated by those skilled in the art that the conception and
specific embodiment disclosed may be readily utilized as a
basis for modifying or designing other structures or pro-
cesses for carrying out the same purposes of the present
invention. It should also be realized by those skilled 1n the
art that such equivalent constructions do not depart from the
spirit and scope of the invention as set forth 1n the appended
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present inven-
tion, and the advantages thereotf, reference 1s now made to
the following descriptions taken in conjunction with the
accompanying drawing, in which:

FIGS. 1A, 1B, and 1C illustrate the use of a rotating
polygon mirror for generating the sweep of a laser printer
according to the prior art;

FIGS. 2A, 2B and 2C are embodiments of single axis
torsional hinge pivoting devices having a mirror as the
functional surface;

FIGS. 3A, 3B, 3C, and 3D illustrate a prior art example
of using a single axis flat scanning mirror to generate a
unidirectional beam sweep of a laser printer;
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FIGS. 4A and 4B show two examples of a dual axis mirror
suitable for use 1n a laser printer or display;

FIG. 5 illustrates one method of magnetically driving a
resonant mirror using a pair of magnets;

FIG. 6 illustrates a single magnet drive for providing
resonant oscillations;

FIG. 7 illustrates another embodiment of a single magnet
drive;

FIG. 8 15 a perspective 1llustration of a single axis mirror,
such as illustrated 1n FIGS. 2A and 2B to generate the beam
sweep ol a laser printer;

FIG. 9 15 a perspective illustration of a dual axis mirror
arranged for use with a laser printer or laser display;

FIG. 10 1s a perspective illustration of the single axis
mirror arrangement for use with a laser printer or laser
display;

FIG. 11 1llustrates the use of a prior art polygon mirror to
reflect a multiplicity of equal spaced parallel laser beams;

FIG. 12 1llustrates the use of a torsional hinged pivoting
mirror to reflect a multiplicity of equally spaced parallel
laser beams:

FIGS. 13A and 13B show the pattern two and four equally
spaced bi-directional modulated laser beams, respectively,
generated on a photosensitive medium; and

FIG. 14 1s a graph illustrating line intensity at the center
of a scan and the edge of a scan according to the teachings
of the present invention.

DETAILED DESCRIPTION OF ILLUSTRATIV.
EMBODIMENTS

T

The making and using of the presently preterred embodi-
ments are discussed 1n detail below. It should be appreciated,
however, that the present invention provides many appli-
cable inventive concepts that can be embodied 1n a wide
variety of specific contexts. The specific embodiments dis-
cussed are merely illustrative of specific ways to make and
use the mnvention, and do not limit the scope of the invention.

Like reference numbers in the figures are used herein to
designate like elements throughout the various views of the
present invention. The figures are not intended to be drawn
to scale and 1n some 1nstances, for i1llustrative purposes, the
drawings may intentionally not be to scale. One of ordinary
skill in the art will appreciate the many possible applications
and variations of the present invention based on the follow-
ing examples of possible embodiments of the present inven-
tion. The present invention relates to a high-speed pivoting
reflective surface or mirror and 1s particularly suited for
providing the raster scans for laser printers and displays.
More specifically, the invention relates to a high-speed
resonant pivoting mirror about a pair of torsional hinges
used to reflect a multiplicity of equally spaced parallel laser
beams.

Referring now to FIGS. 1A, 1B and 1C, there 1s shown an
illustration of the operation of a prior art printer using a
rotating polygon mirror. As shown i FIG. 1A, there 1s a
rotating polygon mirror 10 which 1n the illustration has eight
reflective surfaces 10a—10/%. A light source 12 produces a
beam of light 144, such as a laser beam, that 1s focused on
the rotating polygon mirror so that the beam of light from the
light source 12 i1s intercepted by the facets 10a—10/2 of
rotating polygon mirror 10. Thus, the laser beam of light
indicated at 14a from the light source 12 1s reflected from the
tacets 10a—10/ of the polygon mirror 10 as illustrated by
dashed line 145 to a moving photosensitive medium 16 such
as a rotating photosensitive drum 18 having an axis of
rotation 20. The moving photosensitive medium 16 or drum
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18 rotates around axis 20 1n a direction as indicated by the
arcurate arrow 22 such that the area of the moving photo-
sensitive medium 16 or drum 18 exposed to the reflected
light beam 145 1s continuously changing. As shown 1n FIG.
1A, the polygon mirror 10 1s also rotating about an axis 24
(ax1s 1s perpendicular to the drawing in this view) as
indicated by the second arcurate arrow 26. Thus, 1t can be
seen that the leading edge 28 of facet 106 of rotating
polygon mirror 10 will be the first part of facet 105 to
intercept the laser beam of light 144 from the light source 12,
and reflect the light beam as indicated at 145 toward the
photosensitive medium. As the mirror 10 rotates, each of the
eight facets of the mirror 10 will intercept the light beam 14a
in turn, and reflect a light beam 14b6. As will be appreciated
by those skilled 1n the art, the optics to focus the light beam,
the lens system to flatten the focal plane to the photosensi-
tive drum, and any fold mirrors to change the direction of the
scanned beam are omitted for ease of understanding.

[lustrated below the rotating polygon mirror 10 1s a
second view of the photosensitive medium 16 or drum 18 as
seen from the polygon scanner. As shown by the photosen-
sitive drum view 18, there 1s the beginning point 30 of an
image of the laser beam 145 on drum 18 immediately after
the facet 105 intercepts the light beam 14a and reflects 1t to
the moving photosensitive medium 16 or drum 18.

Referring now to FI1G. 1B, there 1s shown substantially the
same arrangement as illustrated i FIG. 1A except the
rotating polygon mirror 10 has continued its rotation about
axis 24 such that the facet 1056 has rotated so that its
interception of the laser beam 14a 1s about to end. As will
also be appreciated by those skilled 1n the art, because of the
varying angle the mirror facets present to the intercepted
light beam 14a, the reflected light beam 145/ will move

across the surface of the rotating drum as shown by arrow 32
and dashed line 34 1n FIG. 1B.

However, 1t will also be appreciated that since rotating
drum 18 was moving orthogonally with respect to the
scanning movement of the light beam 1454, that 1f the axis of
rotation 24 of the rotating mirror was exactly orthogonal to
the axis 20 of the rotating photosensitive drum 18, an 1image
of the sweeping or scanning light beam on the photosensi-
tive drum would be recorded at a slight angle. As shown
more clearly by the lower view of the photosensitive drum
18, dashed line 34 illustrates that the trajectory of the light
beam 145 1s 1tself at a slight angle, whereas the solid line 36
representing the resulting 1image on the photosensitive drum
1s not angled but orthogonal to the rotation or movement of
the photosensitive medium 16. To accomplish this parallel
printed line 1image 36, the rotating axis 24 of the polygon
mirror 10 1s typically mounted at a slight tilt with respect to
the rotating photosensitive drum 18 so that the amount of
vertical travel or distance traveled by the light beam 1454
along vertical axis 38 during a sweep or scan across medium
16 1s equal to the amount of movement or rotation of the
photosensitive medium 16 or drum 18. Alternately, 11 nec-

essary, this tilt can also be accomplished using a fold mirror
that 1s tilted.

FIG. 1C 1illustrates that facet 105 of rotating polygon
mirror 10 has rotated away from the light beam 144, and
facet 10¢ has just intercepted the light beam. Thus, the
process 1s repeated for a second image line. Continuous
rotation will of course result 1n each facet of rotating mirror
10 intercepting light beam 14a so as to produce a series of
parallel and spaced image lines, such as image line 36a,
which when viewed together will form a line of print or
other 1mage.
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It will be further appreciated by those skilled 1n the laser
printing art, that the rotating polygon mirror 1s a very precise
and expensive part or component of the laser printer that
must spin at terrific speeds without undue wear of the
bearings even for rather slow speed printers. Therefore, less
complex torsional hinged resonant flat mirrors are rapidly
gaining increased acceptance.

FIGS. 2A and 2B illustrate single layered single axis
torsional mirror devices. Each of the devices of FIGS. 2A
and 2B include a support member 40 supporting the mirror
or reflective surface 42, which may be substantially any
shape but for many printer and display applications the
clongated ellipse shape of FIG. 2B 1s preferred. The pivoting
mirror 1s supported by a single pair of torsional hinges 44a
and 44b. Thus, 1t will be appreciated that 1f the mirror 42 can
be maintained in an oscillation state around axis 46 by a
drive source, such a mirror could be used to cause a
sweeping light beam to repeatedly move across a photosen-
sitive medium.

It will also be appreciated that an alternate embodiment of
a single axis device may not require the support member or
frame 40 as shown i FIGS. 2A and 2B. For example, as
shown 1n both figures, the torsional hinges 44a and 445 may
simply extend to a pair of hinge anchor pads 48a and 485b as
shown 1n dotted lines. The functional surface, such as mirror
42, may be suitably polished on 1ts upper surtace to provide
a specular or mirror surface.

The single layered silicon mirrors are typically MEMS
(micro-electric mechanical systems) type mirrors manufac-
tured from a slice of single crystal silicon. Further, because
of the advantageous material properties of single crystalline
silicon, MEMS based mirrors have a very sharp torsional
resonance. The Q of the torsional resonance typically 1s in
the range of 100 to over 1000. This sharp resonance results
in a large mechanical amplification of the device’s motion at
a resonance frequency versus a non-resonant Irequency.
Theretfore, 1t 1s typically advantageous to pivot a device
about the scanning axis at the resonant frequency. This
dramatically reduces the power needed to maintain the
mirror 1 oscillation.

FIG. 2C 1s a backside view of a multilayered single axis
torsional mirror device somewhat similar to the single
layered elongated ellipse shape illustrated 1n FIG. 2B. Com-
ponents of the mirror device of FIG. 2C that are the same as
in the mirror of FIG. 2B carry the same reference numbers.
However, unlike the single layered mirror of FIG. 2B, the
torsional hinges do not extend between the anchors 48a and
486 and the reflecting portion. Instead, the torsional hinges
extend to an attaching member 53, having a front side and
a back side. The permanent magnet 50¢ 1s attached to the
back side and the mirror portion 55 is attached to the front
side. Mirror portion 55 could be a single flat layer of silicon
or preferably, as shown 1n FIG. 2C, comprise a single piece
of silicon that includes a thin reflecting portion 554 and a
thick rib support portion 556 etched from the single layer
mirror portion 35 so as to provide the support rib as shown.

There are many possible drive mechanisms available to
provide the oscillation or pivoting motion 1f the mirror 1s
intended to provide an oscillating beam sweep along the
scan axis. For example, FIG. 2A illustrates a magnetic
driven mirror having a pair of permanent magnets 50aq and
506 mounted on tabs 52a and 525 respectively. The perma-
nent magnets 30aq and 506 interact with a pair of coils (to be
discussed later) located below the pivoting structure. The
mechanical motion of the mirror 1n the scan axis, or about
the hinges 44a and 445, 1s typically required to be greater
than 15 degrees and may be as great as 30 degrees. Rather
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than being driven by a pair of magnets 50a and 506 shown
in dotted lines, F1G. 2B 1llustrates the use of a single magnet
50c¢ centrally located on the mirror 42. The drive mechanism
for a centrally located single magnet 50c¢ 1s discussed below.
Resonant drive methods typically involve applying a small
rotational motion at or near the resonant frequency of the
mirror directly to the torsionally hinged functional surface.
Alternately, an 1nertial drive may provide motion at the
resonant frequency to the whole structure, which then
excites the mirror to resonantly pivot or oscillate about 1ts
torsional axis. In 1nertial resonant type of drive methods a
very small motion of the whole silicon structure can excite
a very large rotational motion of the device. Suitable 1nertial
resonant drive sources include piezoelectric drives and elec-
trostatic drive circuits.

Further, by carefully controlling the dimension of hinges
44a and 44b (1.e., width, length and thickness) the mirror
may be manufactured to have a natural resonant frequency
which 1s substantially the same as the desired operating
pivoting speed or oscillating frequency of the mirror. Thus,
by providing a mirror with a high-speed resonant frequency
substantially equal to the desired pivoting speed or oscillat-
ing frequency, the power loading may be reduced.

Referring now to FIGS. 3A, 3B, 3C and 3D, there 1s
illustrated a prior art example of a laser printer using a
single-axis oscillating mirror to generate the beam sweep.
As will be appreciated by those skilled 1n the art and as
illustrated in the following figures, prior art eflorts have
typically been limited to only using one direction of the
oscillating beam sweep because of the non-parallel image
lines generated by the return sweep. As shown 1n FIGS. 3 A,
3B, 3C and 3D, the arrangement 1s substantially the same as
shown 1 FIGS. 1A, 1B and 1C except that the rotating
polygon mirror has been replaced with a single oscillating
flat mirror 54 that oscillates in both directions as indicated
by double headed arcuate arrow 56. As was the case with
respect to FIG. 1A, FIG. 3A illustrates the beginnming of a
beam sweep at pomnt 30 by the single axis mirror 54.
[Likewise, arrow 32 and dashed line 34 1n FIG. 3B illustrate
the direction of the beam sweep as mirror 54 substantially
completes 1ts scan as 1t rotates 1n a direction as indicated by
arrow S56a. Referring to the lower view of the photosensitive
drum 18, according to this prior art embodiment, the mirror
54 1s mounted at a slight angle such that the beam sweep 1s
synchronized with the movement of the rotating drum 18 so
that the distance the medium moves 1s equal to the vertical
distance the light beam moves during a sweep. As was the
case for the polygon mirror of FIG. 1B, the slightly angled
trajectory of the beam as illustrated by dashed line 34 results
in a horizontal image line 36 on the moving photosensitive
medium 16 or drum 18.

Thus, up to this point, 1t would appear that the flat surface
single torsional axis oscillating mirror 54 should work at
least as well as the rotating polygon mirror 10 as discussed
with respect to FIGS. 1A, 1B, and 1C. However, when the
oscillating mirror starts pivoting back in the opposite direc-
tion as shown by the arcuate arrow 56b, with prior art
scanning mirror printers, 1t was necessary to turn the beam,
indicated by dashed line 34a 1n FIG. 3C, off and not print
during the return sweep since the vertical movement of the
reflected beam resulting from the mirror being mounted at a
slight angle and the movement of the moving photosensitive
medium 16 or rotating drum 18 were cumulative rather than
subtractive. Consequently, 11 used for printing, the angled
trajectory 34a of the return beam combined with movement
of the rotating drum 18 would result 1n a printed 1mage line
36a which 1s at even a greater angle than what would occur
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simply due to the movement of the rotating photosensitive
drum 18. This, of course, 1s caused by the fact that as the
beam sweep returns, it will be moving 1n a downward
direction, as indicated by arrow 58, rather than an upward
direction, whereas the photosensitive drum movement 1s 1n
the upward direction indicated by arrow 60. Thus, as stated
above, the movement of the drum and the beam trajectory
are cumulative. Therefore, for satisfactory printing by a
resonant scanning mirror printer according to the prior art,
it was understood that the light beam and the printing were
typically interrupted and/or stopped during the return tra-
jectory of the scan. Thus, the oscillating mirror 54 was
required to complete its reverse scan and then start its
forward scan again as indicated at 30, at which time the
modulated laser was again turned on and a second 1mage line
366 printed as indicated 1n FIG. 3D.

It will also be appreciated, however, that 1f the position of
the scanning beam orthogonal to the sweeping motion could
be controlled to compensate for the rotating or moving
photosensitive medium, the laser beam could be on and
modulated 1n both 1ts forward and reverse scanning direc-
tions. Such orthogonal movement may be achieved by using
a dual axis scanning mirror or using a first single axis
resonant mirror to provide the resonant beam sweep and a
second single axis mirror to provide the controlled orthogo-
nal motion.

Referring now to FIGS. 4A and 4B, there are illustrated
two embodiments of dual axis mirrors. As can readily be
seen, these mirrors are similar to the single axis mirrors of
FIGS. 2A and 2B, respectively, discussed above. However,
instead of the primary or resonant hinges 44a and 445,
which lie along resonant axis 46, being attached directly to
anchor pads 48a and 48b, the primary hinges 44aq and 445
are connected to a gimbals member 62, which 1n turn 1s
connected to the anchor pads 48a and 485 by a second pair
of hinges 64a and 645. Hinges 64a and 6456 provide pivotal
motion to the mirror 42 along secondary axis 66, which 1s
substantially orthogonal to axis 46.

As shown, FIG. 4A 1s a perspective view of a single
two-axis bi-directional mirror providing resonant movement
about the first axis 46 and movement about a second axis 66
that 1s substantially orthogonal to the first axis. The mirror
device can be used to provide back and forth pivoting beam
sweeps such as resonant scanning across a projection display
screen or moving photosensitive medium as well as adjust-
ing the beam sweep 1n a direction orthogonal to the back and
forth pivoting of the reflective surface or mirror portion 42
to maintain spaced parallel image lines produced by a
resonant raster beam sweep. As shown, the mirror 1s illus-
trated as being suitable for being mounted on a support
structure, and may be formed from a single piece of sub-
stantially planar material (such as silicon) by techmques
similar to those used in semiconductor art. As discussed
above, the functional or moving components include, for
example, a pair of support members or anchors 48a and 485,
the intermediate gimbals portion 62 and the mner mirror or
reflective surface portion 42.

FIG. 4B 1s an alternate embodiment of a dual axis mirror
having an elongated oval mirror portion 42a and a centrally
located drive magnet 50c¢. Since the remaiming elements of
the device shown 1n FIG. 4B operate or function 1n the same
manner as equivalent elements of FIG. 4A, the two figures
use common reference numbers.

FIG. 5 1s a schematic diagram illustrating how the reso-
nant sweep and/or the orthogonal motion 1s controlled by
clectromagnetic coils 68a and 685. To provide the resonant
pivoting motion, the coils 68a and 685 are driven by an
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alternating voltage source 70 having a frequency substan-
tially the same as the resonant frequency of the mirror. The
permanent magnet sets 50a and 506 may be bonded to the
mirror 42 (or gimbals portion 62) such that they cooperate
with electromagnetic coils 68a and 685. Thus, as the two
coils 68a and 68b switch back and forth between north and
south polarities, the permanent magnets 30a and 506 are
alternately repelled and attracted to create the resonant
oscillation. If the coil arrangement and magnet pairs are to
provide orthogonal movement, a much slower frequency 1s
used.

Referring now to FIG. 6, there 1s a simplified 1llustration
ol a pivoting mirror 42 or 42a and another coil and perma-
nent magnet arrangement that significantly reduces the
moment of inertia of the apparatus. As shown, the two
permanent magnets have been eliminated and a single
magnet 72 1s centrally mounted on the pivoting mirror (such
as shown 1n FI1G. 4B). According to the embodiment shown
in FIG. 6, magnet 72 has a diametral charge that 1s perpen-
dicular to the axis of rotation, as illustrated by double-
headed arrow 74, rather than an axial charge. It will, of
course, also be necessary to relocate the drive coil 76 of the
clectromagnetic device 77 so that it 1s substantially below
magnet 72. Therefore, as the electromagnetic device 77
switches back and forth between a north and south polarity,
the “N” and “S” diametrally charged poles of permanent
magnet 72 are alternately repelled and attracted thereby
causing pivotal oscillations about axis 46.

FIG. 7 shows a second drive arrangement suitable for use
with a single magnet centrally located. As shown, an axial
charged magnet 78 1s used instead of the diametral charged
magnet of FIG. 6. Further, the coil 76 shown 1 FIG. 6 1s
replaced by an electromagnetic arrangement 80, having a
coil 82 and leg members 84a and 845 that extend from the
coil 82 to tips 86a and 865 on each side of the magnet 78.
Thus, an alternating current applied to coil 82 causes the
magnetic field at the tips 86a and 865 of legs 84a and 845
to continuously change polarity. This change in polarity
creates alternating push-pull forces on magnet 78.

FIG. 8 1llustrates a perspective illustration of a scanning,
mirror used to generate an 1mage on a medium 88. The
mirror device 90, such as a single axis mirror of the type
shown 1n FIGS. 2A and 2B, pivots about its single axis 46
so that the reflecting surface 42 of the mirror device 90
receives the light beam 14a from source 12 and provides the
right to left and left to right resonant sweep of beam 145
between limits 92 and 94. This left to right and rnight to left
beam sweep provides the spaced lines 96 and 98 as the
medium 88 moves in the direction indicated by arrow 100.

It will also be appreciated that although various shapes of
the mirror can be used 1n the practice of this invention, the
demand for higher and higher operating speeds will require
a higher and higher oscillation speed of the mirror around
the primary or scan axis 46. However, in addition to high-
speed pivoting of the scanning mirrors, 1t 1s also 1important
that the mirror not deform as it pivots. More specifically, it
1s important that the mirror not deform as 1t sweeps the laser
beam across the photosensitive medium during a scan cycle.
Consequently, for high-speed resonant mirrors, magnetic
drives using a single centrally located mirror has reduced
momentum at the edges of the mirror and, consequently, less
deformation.

More specifically, at high pivoting speeds, the tips of the
preferred elongated elliptical mirror shown in FIG. 2B travel
at very high speeds and gain significant intertia. Conse-
quently, 11 the permanent magnets 50a and 506 are attached
to the tips of an elongated ellipse mirror such as shown in
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FIG. 2B, the mirror will tend to flex excessively proximate
the torsional hinges and at the tips. This excessive tlexing of
course means that during some portions of the oscillating
cycle, the mirror surface bends or tlexes and 1s not flat. This
variation i mirror flatness at high frequencies 1s simply
unacceptable for many displays and printers. However, the
use of the centrally located mirror 50¢ not only avoids
excess weight at the tips of the mirror, but also provides
stiflness to the center of the mirror.

The operation of a dual axis mirror, such as shown 1n
FIGS. 4A and 4B for providing pivoting beam sweep with
respect to a projection display screen 102, may be better
understood by referring to FIG. 9. As shown, a laser light
source 12 provides a coherent beam of light 14a to the
reflective surface 42 of a dual axis mirror apparatus 104,
which 1n turn retlects the beam of light 145 onto a display
screen 102. Reflective surface 42 oscillates back and forth at
a resonant frequency about torsional hinges 44a and 44b
along axis 46 and thereby sweeps the beam 145 across
display screen 102 along image line 106 from location or
point 108 to end point 110 as indicated by arrow 112 parallel
to the light beam labeled 114. The oscillating mirror 42 then
changes direction and starts the return sweep as indicated by
arrow 116 to produce 1image line 118 between points 110 and
120. After passing point 120, the beam again begins revers-
ing direction. At the same time the beam 1s sweeping back
and forth, the beam may also be moved orthogonally at a
much slower rate as indicated at arrow 122. This sweeping
motion and orthogonal motion 1s repeated until the last
image line 124 of a display frame ending at point 126 is
produced on display screen 102. The beam i1s then orthogo-
nally quickly moved from end point 126 back to start point
108 as indicated by dashed line 128 to start a new display
frame.

Referring to FIG. 10 there 1s a perspective illustration of
another embodiment of the present invention wherein the
orthogonal movement of the beam 1s accomplished by a
second mirror 132. Each of the two mirrors 130 and 132
pivot about a single axis, such as the single axis mirrors of
the type shown in FIGS. 2A and 2B. The scanning and
orthogonal operation of the two single axis mirrors 1s
otherwise substantially the same.

Therefore, according to another embodiment of the mnven-
tion, FIG. 10 illustrates a first single axis torsional hinged
mirror used 1n combination with a second similar single axis
torsional mirror to provide a resonant sweeping beam such
as may be used with a projection display (or laser printer).
As shown in this embodiment, there 1s a first mirror appa-
ratus 130 that includes a pair of support members or anchors
48a and 48b supporting a mirror or reflective surface 42 by
the single pair of torsional hinges 44a and 44b. Thus, 1t will
be appreciated that 1f the mirror portion 42 can be pivoted
back and forth by a drive source, the mirror can be used to
cause an oscillating light beam across a photosensitive
display. As discussed, a particular advantageous method of
pivoting the mirror back and forth 1s to generate resonant
oscillation of the mirror about the torsional hinges 44a and
44b. However, as was also discussed, there also needs to be
a method of moving the light beam 1n a direction orthogonal
to the oscillation. Therefore, a second single axis mirror
apparatus 132, such as illustrated, 1s used to provide the
vertical movement of the light beam as it pivots about its
axis 46.

As discussed above, the optical system of the embodiment
of FIG. 10 uses single axis mirror apparatus 130 to provide
the right to left, left to right pivoting of the light beam as
represented by dotted lines. However, the up and down
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control of the beam trajectory 1s achieved by locating the
second single axis mirror apparatus 132 such that the
reflective surface or mirror intercepts the light beam 14
emitted from light source 12 and then reflects the intercepted
light 14a to the mirror apparatus 130 which is providing the
back and forth pivoting sweep motion. The distance 133
shown on mirror surface 42 of resonant mirror 130 1llus-
trates how the mirror 132 rotates around axis 46 to move the
light beam 14a up and down on reflective surface 42 of
mirror apparatus 130 during the left to right and right to left
beam sweep so as to provide data lines 106, 118 and 124 on
a projection display screen.

As was mentioned above, 1 an attempt to increase
printing speed, printer manufacturers that use rotating poly-
gon mirrors sometimes use a multiplicity of equally spaced
and parallel laser beams to increase the number of data lines
generated on a photosensitive medium during a single
sweep. Referring now to FIG. 11, there 1s an 1llustration of
a laser beam source 134 having four beam outputs 136, 138,
140 and 142 that are reflected from rotating polygon mirror
144 onto rotating photosensitive drum 146. The process 1s
substantially the same as for a single beam except that it 1s
important to assure that the data lines generated by a first
tacet of the polygon mirror are properly spaced with respect
to the lines generated by a second and subsequent facet.

More specifically, since the multiple laser beams, such as
beams 136, 138, 140 and 142, are at a fixed and equal
distance apart, it 1s clear that the four data lines 148, 150,
152 and 154 generated on the photosensitive medium by a
first facet will be equally spaced and parallel to each other.
Furthermore, the next four data lines 148, 150, 152 and 154
generated by the next or following facet will also be equally
spaced and parallel. However, 1t 1s also important that the
first data line 148 generated by the second facet be equally
spaced and parallel to the last data line 154 generated by the
first or previous facet. To accomplish this, the moving
medium or rotating drum 146 should move a distance “D”
during a single complete sweep of the four beams across the
moving medium that 1s equal to the spacing “S” between the
laser beams times the number “N” of laser beams. That 1s,
D=(S)(N). Therefore, 1t 1s seen that the only requirement of
using multiple beams with a polygon mirror 1s that the
rotation speed of the polygon mirror and the moving pho-
tosensitive medium be carefully synchronized.

The use of multiple laser beams with a resonant bi-
directional scanning mirror 1s significantly more difhicult
and, for most applications, will be limited to an even number
of laser beams, although the physical arrangement i1s sub-
stantially 1dentical to a polygon mirror and multilaser
beams. Referring now to FIG. 12, there 1s a perspective view
similar to that of FIG. 11, except a resonant bi-direction
scanning mirror 156 pivoting about axis 158 is used instead
of the polygon mirror. The advantage arises because the top
traces of the reverse or return sweep will cross the bottom or
lower traces generated by the previous forward sweep.
Therefore, it 1s necessary that the crossing traces carry the
same data. As will be seen below, this double printing of
cach line allows parallel print lines without requiring a dual
axis mirror and also provides greater intensity resolution per
Spot.

More specifically, and referring now to FIG. 13A, there 1s
illustrated the traces of the two parallel laser beams 166 and
168 through four complete sweep cycles. As shown, the
torward traces 166a and 168a are generated as laser beams
166 and 168 and move from right to left following by the
reverse traces 1660 and 1685 moving left to right. The laser
beams will be modulated only while the beams pass through
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the printing area bounded by left edge 170 and right edge
172. Since the oscillating mirror speed slows to zero at the
end of each sweep before reversing direction, the sweep
arcas 174 and 176 on each side of the printing area allows
the four beams to reach an acceptable speed before they are
modulated with data. However, as shown 1n FIG. 13A, the
top forward trace 166a provided by laser 166 crosses the
reverse trace 16856 of laser 168 from a previous cycle at
crossover pomnt 178. Likewise, the reverse trace 1666 of
laser 166 crosses the forward trace 168a of laser 168 of the
same cycle at crossover point 180. This cycle 1s repeated
over and over. Thus, i1t should be appreciated that if the
forward trace of laser 166 1s modulated the same as the
reverse trace of laser 168 from the previous cycle but in
reverse order, the two crossing traces of data lines should be
identical. Likewise, 1 the reverse trace of laser 166 1s
modulated the same as the forward trace of laser 168 but in
reverse order, these two crossing traces or data lines will also
be 1dentical. Therefore, for a two laser beam system, each
data line 1s printed twice, once 1n each direction. However,
two data lines or traces are printed for each sweep cycle.
More specifically, each data line 1s printed one time each by
both laser beams by traces that cross each other. Such double
printing provides an inexpensive technique to increase the
printing quality or speed.

As was discussed with respect to a rotating polygon
mirror and a multilaser beam source, the speed of the
relative movement between the sweeping multiple beams
and the photosensitive medium receiving the laser beams
should be synchronized to achieve the highest quality print-
ing. Therefore, 1t should be appreciated that the total relative
distance “D” moved between the sweeping laser beam and
the photosensitive medium during a complete back and forth
sweep cycle 1s equal to the space “S” between parallel lasers
times the number “N” of multiple laser beams. That 1s,
D=(S)(N) or, for a two laser beam system, D=25.

If two laser beams can be used to 1ncrease printing quality
or speed, 1t will be appreciated that the use of a laser source
with four beams would allow even greater speed increase or
allow an increase in both quality and speed.

Therefore, referring now to FIG. 13B, there 1s 1llustrated
the traces generated by four equally spaced and parallel laser
beams 182, 184, 186 and 188 reflected onto a moving
photosensitive medium by an oscillating mirror. This trace
diagram 1s similar to that of FIG. 13A showing two laser
beams. However, although all four laser beams do cross each
other at some point on the medium, as can be seen within the
printing limits 190 and 192, laser beam 182 only crosses
laser beam 186 whether traveling in the forward or reverse
trace direction. Likewise, laser beams 184 and 188 only
cross each other within the printing limits 190 and 192.
Theretore, four different data lines 194, 196, 198 and 200
can be printed twice during each complete sweep cycle.
More specifically, the first (194), the second (196), the third
(198) and the fourth (200) data lines are generated with the
first (182), second (184), third (186) and fourth (188) light
beams, respectively, 1mn a first or forward sweep direction,
whereas the same first (194), second (196), third (198) and
fourth (200) data lines are generated with the third (186),
fourth (188), first (182) and second (184) laser beams,
respectively, in the reverse or opposite direction.

Referring to FIG. 14, there 1s a graph illustrating the
double traces line intensity of the left to right and right to lett
scans across the printing areas of the medium, as well as the
line intensity across the printing area for the individual
scans. As shown, the top curve 202 shows the intensity of the
line 1n the center area created by both a combination of a
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forward sweep and a return sweep. Curve 204 is the line
intensity of the line at the edges of the printing area as
created by both a forward and reverse sweep. Curve 206
represents the line intensity at the edge of the printing area
in a left to right scan of a single trace, whereas curve 210
represents the line mtensity at the edge of the printing area
in a right to left scan of a single trace. Curve 208 represents
the line intensity at the center of the line or printing area of
both a left to nght and a rnight to left scan. As would be
expected, so long as the output of the two lasers are
substantially the same, traces of the line intensity of the two
beams 1n the center areas are the same and fall on top of each
other. Therefore, as shown by writing or generating each line
twice, there 1s minimal intensity vanation over the whole
write line and the lines appear substantially parallel.

Although the present invention and its advantages have
been described 1n detail, 1t should be understood that various
changes, substitutions and alterations can be made herein
without departing from the spirit and scope of the invention
as defined by the appended claims.

Moreover, the scope of the present application 1s not
intended to be limited to the particular embodiments of the
process, machine, manufacture, composition of matter,
means, methods and steps described 1n the specification. As
one of ordinary skill 1in the art will readily appreciate from
the disclosure of the present invention, processes, machines,
manufacture, compositions of matter, means, methods, or
steps, presently existing or later to be developed, that
perform substantially the same function or achieve substan-
tially the same result as the corresponding embodiments
described herein may be utilized according to the present
invention. Accordingly, the appended claims are intended to
include within their scope such processes, machines, manu-
facture, compositions of matter, means, methods, or steps.

What 1s claimed 1s:

1. A method of generating lines of data on a light sensitive
medium comprising the steps of:

providing a light sensitive medium;
oscillating a reflective surface about a first pivot axis;

directing a multiplicity of modulated and parallel light
beams onto said oscillating reflective surface;

reflecting said multiplicity of modulated and parallel light
beams from said oscillating reflective surface to sweep
said light beams back and forth across said light
sensitive medium 1n a forward and a reverse direction;

providing relative orthogonal movement between said
light sensitive medium and said forward and reverse
directions of said sweeping light beams; and generating
a multiplicity of selected data lines on said light sen-
sitive medium as said multiplicity of modulated and
parallel light beams sweep across said light sensitive
medium, wherein said multiplicity of light beams 1s
two light beams and wherein said generating step
comprises the steps of:

generating a first line of data with a first one of said two
light beams and a second line of data with a second one
of said two light beams as said first and second light
beams move 1n said forward direction across said light
sensitive medium; and

generating said second line of data with said first light
beam and said first line of data with said second light
beam as said first and second light beams move 1n said
reverse direction across said light sensitive medium.

2. The method of claim 1 wherein said step of generating,
comprises the steps of:
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generating said multiplicity of selected data lines as said
multiplicity of light beams sweep across said light
sensitive medium 1n said forward direction; and

generating said multiplicity of selected data lines as said
multiplicity of light beams sweep across said light
sensitive medium 1n said reverse direction, each light
beam of said multiplicity of light beams providing a
different one of said multiplicity of selected data lines
in said reverse direction than 1t provided 1n said for-
ward direction.

3. The method of claim 2 wherein said multiplicity or
number “N” of modulated and parallel light beams are
equally spaced a distance “S” and said relative orthogonal
movement between said light sensitive medium and said
sweeping light beam during one complete back and forth
cycle 1s equal to a distance (S) times (IN).

4. The method of claim 1 wherein said two light beams are
spaced apart by the distance “S” and said relative orthogonal
movement between said light sensitive medium and said two
sweeping light beams 1s equal to (2)(S).

5. The method of claim 1 wherein said multiplicity of light
beams comprise a first light beam, a second light beam, a
third light beam and a fourth light beam, and wherein said
generating step comprises the steps of:

generating first, second, third and fourth selected data

lines with said first, second, third and fourth light
beams respectively as said light beams sweep across
said light sensitive medium 1n said forward direction;
and

generating said first, second, third and fourth selected data

lines with said third, fourth first and second light beams
respectively as said light beams sweep across said light
sensitive medium 1n said reverse direction.

6. The method of claim 5 wherein said four light beams
are equally spaced apart by a distance “S” and said relative
orthogonal movement between said light sensitive medium
and said four sweeping light beams 1s equal to (4)(S).

7. The method of claim 1 wherein said step of providing
relative motion comprises the step of moving said light
sensitive medium 1n a direction orthogonal to said multi-
plicity of sweeping light beams.

8. The method of claam 1 wherein said light sensitive
medium 1s a light sensitive drum rotating around an axis.

9. The method of claim 1 wherein said step of providing
relative motion comprises the steps of mounting said oscil-
lating retlective surface on a second pivot axis orthogonal to
said first pivot axis and pivoting said oscillating reflective
surface around said second pivot axis.

10. The method of claim 1 wherein said step of providing
relative motion comprises the steps of intercepting said
multiplicity of modulated and parallel light beams at another
reflective surface having a pivot axis for moving said
multiplicity of light beams orthogonal to said sweeping light
beams.

11. Apparatus for generating lines of data on a light
sensitive medium comprising:
a multiplicity of equally spaced apart parallel light beams;

a surface for receiving and reflecting said multiplicity of
spaced parallel light beams, said reflective surface
pivotally mounted about a selected axis such that said
reflective multiplicity of parallel light beams sweep

back and forth;

the light sensitive medium located to intercept said par-
allel light beams as said light beams sweep across said
medium 1n a forward direction and a reverse direction:
and
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control circuitry for selectively modulating each of said
multiplicity of spaced light beams as they sweep across
said light sensitive medium to generate said lines of
data, wherein said multiplicity of parallel light beams
comprise two spaced parallel light beams sweeping
across said light sensitive medium and wheremn said
control circuit modulates a first one of said two light
beams to generate a first line of data and a second one
of said two light beams to generate a second line of data
as said light beams sweep in said forward direction; and

said control circuitry modulates said first light beam to
generate said second line of data and said second light
beam to generate said first line of data as said light
beams sweep 1n said reverse direction.

12. The apparatus of claim 11 wherein said multiplicity of
parallel light beams comprise four equally spaced parallel
light beams sweeping across said light sensitive medium and
wherein said control circuit modulates a first one, a second
one, a third one and a fourth one of said four parallel light
beams to generate a first line of data, a second line of data
and a third line of data and a fourth line of data respectively
on said light sensitive medium as said four parallel light
beams move in said forward direction and said control
circuitry modulating said first, second, third and fourth light
beams to generate said third, fourth, first and second lines of
data on said light sensitive medium as said four parallel light
beams move 1n said reverse direction.

13. The apparatus of claim 11 wherein said light sensitive
medium 1s adapted for moving at a selected speed orthogo-
nal to said equally spaced sweeping parallel and modulated
light beams.

14. The apparatus of claim 13 wherein said light sensitive
medium 1s a rotating light sensitive drum.

15. The apparatus of claim 11 wherein said surface for
receiving and reflecting in pivotally mounted to rotate about
a second pivot axis orthogonal to said first pivot axis to
move said multiplicity of light beams 1n a direction orthogo-
nal to said sweep across said light sensitive medium.

16. The apparatus of claim 11 further comprising a second
reflecting surface pivotally mounted for moving said mul-
tiplicity of parallel light beams orthogonal to said sweeping,
movement.

17. A method of printing lines of data on a light sensitive
medium comprising the steps of:

providing a light sensitive medium;

oscillating a reflective surface about a first pivot axis;

directing a multiplicity of modulated and parallel light

beams onto said oscillating reflective surface;
reflecting said multiplicity of modulated and parallel light
beams from said oscillating retlective surface to sweep
said light beams back and forth across said light
sensitive medium 1n a forward and a reverse direction;
moving said light sensitive medium in an orthogonal
direction with respect to said forward and reverse

directions of said sweeping light beams; and
generating a multiplicity of selected data lines on said
moving light sensitive medium as said multiplicity of
modulated and parallel light beams sweep across said
light sensitive medium, wherein said multiplicity of
light beams comprise a first light beam, a second light
beam, a third light beam and a fourth light beam, and

wherein said generating step comprises the steps of:
generating first, second, third and fourth selected data

lines with said first, second, third and fourth light

beams respectively as said light beams sweep across
said light sensitive medium 1n said forward direction;
and
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generating said first, second, third and fourth selected data
lines with said third, fourth first and second light beams
respectively as said light beams sweep across said light
sensitive medium 1n said reverse direction.
18. The method of claim 17 wherein said step of gener-
ating comprises the steps of:
generating said multiplicity of selected data lines as said
multiplicity of light beams sweep across said moving
light sensitive medium 1n said forward direction; and

generating said multiplicity of selected data lines as said
multiplicity of light beams sweep across said moving
light sensitive medium 1n said reverse direction, each
light beam of said multiplicity of light beams providing,
a different one of said multiplicity of selected data lines
in said reverse direction than 1t provided in said for-
ward direction.
19. The method of claim 18 wherein said multiplicity or
number “N” of modulated and parallel light beams are
equally spaced a distance “S” and said orthogonal move-
ment of said moving light sensitive medium during one
complete back and forth cycle 1s equal to a distance (S) times
(N).
20. A method of generating lines of data on a light
sensitive display comprising the steps of:
providing a light sensitive display medium:;
oscillating a reflective surface about a first pivot axis;
directing a multiplicity of modulated and parallel light
beams onto said oscillating reflective surface;

reflecting said multiplicity of modulated and parallel light
beams from said oscillating reflective surface to sweep
said light beams back and forth across said light
sensitive display medium in a forward and a reverse
direction;
moving said sweeping light beams in an orthogonal
direction with respect to said forward and reverse
directions of said sweeping light beams; and

generating a multiplicity of selected data lines on said
light sensitive display as said multiplicity of modulated
and parallel light beams sweep across said light sensi-
tive display medium, wherein said multiplicity of light
beams comprise a first light beam, a second light beam,
a third light beam and a fourth light beam, and wherein
said generating step comprises the steps of:

generating first, second, third and fourth selected data
lines with said first, second, third and fourth light
beams respectively as said light beams sweep across
said light sensitive display medium in said forward
direction; and

generating said first, second, third and fourth selected data

lines with said third, fourth first and second light beams
respectively as said light beams sweep across said light
sensitive display medium 1n said reverse direction.
21. The method of claim 20 wherein said step of gener-
ating comprises the steps of:
generating said multiplicity of selected data lines as said
multiplicity of light beams sweep across said light
sensitive medium 1n said forward direction; and

generating said multiplicity of selected data lines as said
multiplicity of light beams sweep across said light
sensitive medium 1n said reverse direction, each light
beam of said multiplicity of light beams providing a
different one of said multiplicity of selected data lines
in said reverse direction than 1t provided in said for-
ward direction.

22. The method of claim 21 wherein said multiplicity or
number “N” of modulated and parallel light beams are
equally spaced a distance “S” and said orthogonal move-
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ment of said sweeping light beam during one complete back
and forth cycle 1s equal to a distance (S) times (N).

23. Apparatus for printing lines of data on a light sensitive

medium comprising;:

a multiplicity of equally spaced apart parallel light beams;

a surface for recerving and reflecting said multiplicity of
spaced parallel light beams, said reflective surface
pivotally mounted about a selected axis such that said
reflective multiplicity of parallel light beams sweep
back and forth;

a light sensitive rotating drum located to intercept said
parallel light beams as said light beams sweep across
said rotating drum 1n a forward direction and a reverse
direction, said light sensitive rotating drum rotating 1n
a direction orthogonal to said sweeping light beams;
and

control circuitry for selectively modulating each of said
multiplicity of spaced light beams as they sweep across
said light sensitive rotating drum to generate said lines
of data, wheremn said multiplicity of parallel light
beams comprise four equally spaced parallel light
beams sweeping across said light sensitive rotating
drum and wherein said control circuit modulates a first
one, a second one, a third one and a fourth one of said
four parallel light beams to generate a first line of data,
a second line of data and a third line of data and a fourth
line of data respectively on said light sensitive rotating
drum as said four parallel light beams move 1n said
forward direction and said control circuitry modulating
said {first, second, third and fourth light beams to
generate said third, fourth, first and second lines of data
respectively, on said light sensitive rotating drum as
said four parallel light beams move 1n said reverse
direction.

24. Apparatus for generating lines of data on a light

sensitive display medium comprising:
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a multiplicity of equally spaced apart parallel light beams;

a surface for receiving and reflecting said multiplicity of

spaced parallel light beams, said reflective surface
pivotally mounted about a first selected axis such that
said reflective multiplicity of parallel light beams
sweep back and forth and said surface also pivotally
mounted to provide motion about a second axis per-
pendicular to said first selected axis, said motion about
said second axis being orthogonal to motion about said
first selected axis;

a light sensitive display medium located to intercept said

parallel light beams as said light beams sweep across
said display medium in a forward direction and a
reverse direction; and

control circuitry for selectively modulating each of said

multiplicity of spaced light beams as they sweep across
said light sensitive display medium to generate said
lines of data, wherein said multiplicity of parallel light
beams comprise four equally spaced parallel light
beams sweeping across said light sensitive display and
wherein said control circuit modulates a first one, a
second one, a third one and a fourth one of said four
parallel light beams to generate a first line of data, a
second line of data and a third line of data and a fourth
line of data respectively on said light sensitive display

medium as said four parallel light beams move 1n said
forward direction and said control circuitry modulating
said {first, second, third and fourth light beams to
generate said third, fourth, first and second lines of data
respectively, on said light sensitive display medium as
said four parallel light beams move 1n said reverse
direction.
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